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information—
Metadata.
Metadata for datasets   
• Provide information for  FGDC
dataset
– Identification
CSDGM
Endorsed 
– Extent
– Quality
extensions 
and 
profiles
– Spatial and temporal 
schema Biological Data Shoreline Metadata
– Spatial reference, and 
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Remote  ensing 
Metadata
Inside the content standards: ISO 19115         
• Goals:  Metadata entity set 
information Content information
• Characterize 
geographic information
F ilit t i f
Identification 
information
Portrayal catalogue 
information
• ac a e geo  n o 
organization and 
management Metadata extension 
Distribution 
information
Constraint 
information
Data quality 
• Informing users of 
basic characteristics of 
data
informationinformation
Maintenance 
information
Application schema 
information
• Enable locating and 
access to data
Spatial 
representation 
information
Extent information
Citation and 
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Reference system 
information
responsible party 
information
C d f hi C diti l d O ti l l tore meta ata  or geograp c 
datasets: ISO 19115 • Additional extent information for the dataset (vertical and temporal) (O)
D t t h t t (C)
on ona  an  p ona  e emen s:
• Abstract describing the dataset
• Dataset language
• a ase  c arac er se  
• Dataset responsible party (O)
• Distribution format (O)
G hi l i f h d (C)
Mandatory elements:
 
• Dataset reference date
• Dataset title
D t t t i t
• eograp c  ocat on o  t e  ataset 
• Lineage (O)
• Metadata file identifier (O)
M d d d (O)• a ase   op c ca egory 
• Metadata date stamp 
• Metadata point of contact
• eta ata stan ar  name 
• Metadata standard version (O)
• Metadata language (C)
d h ( )• Meta ata c aracter set  C
• On‐line resource (O)
• Reference system (O)
M= Mandatory elements
C = Mandatory under certain 
conditions • Spatial representation type (O)
• Spatial resolution of the dataset (O)
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.
O = Optional elements
Reasons for the core metadata       
• Need to answer basic questions about datasets:
– Does a dataset on a specific topic exist (‘what’)?
– For a specific place (‘where’)?
– For a specific date or period (‘when’)?
– A point of contact to learn more about or order the dataset 
(‘who’)?
• Increase interoperability
• Allow users to understand without ambiguity the             
geographic data and the related metadata provided 
by either the producer or the distributor 
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ISO 19115 Geographic information – Metadata. First edition. Geneva, Switzerland: ISO, 2003. p. 15
What does it mean to scientific metadata?           
• Application profiles to be developed based on ISO 
19115
– By country 
– By scientific discipline/field
– By application or service
By data theme–    
• All application profiles are required to include the 
core elements 
• Extensions should follow rules specified in the 
standard
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T   f  i  
Rules for creating an 
ypes o extens ons
• Adding a new metadata section
• Creating a new metadata codelist
extension
• Extended metadata          
to replace existing “free text” list
• Creating new metadata codelist 
l t
elements shall not be 
used to change the name, 
definition or data type ofe emen s
• Adding a new metadata element
• Adding a new metadata entity
         
an existing element
• Extended metadata may 
• Imposing a more stringent 
obligation on an existing 
metadata element
be defined as entities 
and may include 
extended and existing  
• Imposing a more restrictive 
domain on an existing metadata 
l t
metadata elements as 
components
e emen
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ISO 19115 Geographic information – Metadata. First 
edition. Geneva, Switzerland: ISO, 2003. pp. 105-106.
ISO 19115 community profiles     
CORE
ISO
ELEMENTS
Community-
specified 
E t d dx en e  
Elements
ISO 19115
From: FGDC. (2008). North American Profile Development for ISO
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19115 Geospatial Metadata.  http://www.fgdc.gov/training/nsdi-training-
program/materials/ISONAPDevelopment_20080331.ppt
LEVELS OF DATA PROCESSING AND         
THEIR EFFECTS ON SCIENTIFIC 
METADATA  
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Levels of data processing     
Data 
level
NASA’s  definition of data processing levels
Level 0 Reconstructed unprocessed instrument data at full resolutions.
Level 1A Reconstructed, unprocessed instrument data at full resolution, time 
referenced and annotated with ancillary information but not,          ,     
applied to the Level 0 data.
Level 1B Level 1A data that has been processed to sensor units. Not all
instruments will have a Level 1B equivalent            .
Level 2 Derived environmental variables (e.g., ocean wave height, soil 
moisture, ice concentration) at the same resolution and location as 
the Level 1 source data        .
Level 3 Variables mapped on uniform space‐time grid scales, usually with 
some completeness and consistency properties
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Level 4 Model output or results from analyses of lower‐level data
Bose, R. & Frew, J. (2005). Lineage retrieval for scientific data processing: A survey.  ACM Computing Surveys, 37(1), 1-28.
Scientific data formats   
Data model
Scientific data 
formats
Hierarchical
Relational
Data structures Tuple Set List Array Tree
Metaformats DSV CSV XML Object‐
oriented
 
Bits···Bytes···characters···strings Physical data
               
Network
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Metadata embedded in data products       
Processing level
L l 4
Self-descriptive 
informationeve  
Level 3
 
existed as header 
of the data file
Level 2
Level 1B Common Data Format (CDF)
Fl ibl I T t S t (FITS)
Level 1A
Level 0
ex e mage ranspor  ys em 
GRid In Binary (GRIB)
Hierarchical Data Format (HDF)
Network Common Data Format (netCDF)
Major scientific data format
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The concept of lineage     
• Lineage: information about the events or source 
data used in constructing the data specified by the 
scope
f h l f f d– Events or trans ormation in t e  i e o  a  ataset
– Source data used in creating the data 
Process step–  
– Date and time over which the process occurred
– Spatial reference system used by the source data             
– Published references for the source data
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Lineage elements in ISO 19115       
DQ DataQuality LI Lineage
Either LI_Source or 
LI ProcessStep must be_ _ _    
documented
LI_Source
+description
LI_ProcessStep
+scaleDenominator
+sourceReferenceSystem
+sourceCitation
+description
+rationale
+dateTime
+
+sourceExtent
processor
Either description or sourceExtent 
must be documented
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  . 
Lineage metadata example   
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Source: http://together.net/~bspatial/duck/data/pajrivsv.html#Data_Quality_Information
Lineage metadata example (cont’d)     
Source: http://together.net/~bspatial/duck/data/pajrivsv.html#Data_Quality_Information
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Data collections 
• Research collections: generated by investigator or 
team
• Resource collections: created by a community of 
investigators in a domain     
– often developed with community‐level standards
• Reference collections: created by large segments of 
science and engineering community 
– conform to robust, well‐established and comprehensive 
standards
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NSF. (2007). Cyberinfrastructure Vision for 21st Century Discovery.
http://www.nsf.gov/pubs/2007/nsf0728/nsf0728.pdf
Research collections 
• Limited processing or long‐term management
• Not conformed to any data standards
• Varying sizes and formats of data files           
• Low level of processing, lack of plan for data 
products
• Low awareness of metadata standards and 
d t t ia a managemen   ssues
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Resource collections 
• Example: Hubbard Brook 
E S dcosystem  tu y 
(http://www.hubbardbrook.org) 
– One of the regional sites in the Long 
l l h kterm Eco ogica  Researc  Networ  
(LTER)
– Community of a science domain
– Community of investigators from 
around the country on ecosystem 
study
– Ecological Metadata Language 
(EML), a community‐level standard
– Cataloged, searchable dataset 
collections
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Implications to metadata   
Processing 
levels
Data 
formats
Data 
collections
Lineage vital to 
Some formats contain 
self-descriptive metadata
M d d dassessing data 
quality
eta ata stan ar s 
need to be adjusted for 
local description needs
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How can we generate good quality metadata for 
scientific data with the least effort and resource?
BALANCING BETWEEN CONTENT 
STANDARDS AND LOCAL 
REQUIREMENTS
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Th d f t d d d l l i te  para ox o  s an ar s an   oca  requ remen s
Standards  Local requirements
• Large numbers of elements  
and complex structures
F d ibi d
• Discipline‐, community‐, and 
application‐bound
F d ll• ocus on  escr ng  ata 
products (datasets, data 
series, collections)   
• ocus on  ata management at a  
stages of projects and 
processing
• Little guidance on content 
recording
d b
• Strong emphasis on best 
practices for content recording
d b• Not concerne  a out 
implementation
• Concerne  a out 
implementation in terms of 
costs, scalability, ease of use, etc.
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Strategy: Know thy data        
Which 
Data 
collections
processing 
level?
D t ti (
“little science,” 
“bi i ”ocumen a on user 
guide, readme, etc.) 
may contain lineage 
information Also
g sc ence
“Little science” data is 
What 
format?
.  
help determine 
whether a metadata 
record should be
more likely to be the 
research collection 
type while “big 
science” data tends toSome format has self-
descriptive metadata 
and can be extracted 
   
created for what 
scope of the data
    
be the resource or 
reference collection 
type
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by computer program . 
Strategy: adapting standards Abstract describing the dataset (M)     
to local needs
•        
• Dataset language (M)
• Dataset reference date (M)
• Dataset title (M)
( )• Application profiles at:
– Community level
– Discipline/fields/domain level
• Dataset topic category  M
• Metadata date stamp (M)
• Metadata point of contact (M)
• Additional extent information for the 
– Collection level
– Cross‐community/domain/collection level
• What do they mean to metadata design?
dataset (vertical and temporal) (O)
• Dataset character set (C)
• Dataset responsible party (O)
• Distribution format (O)
– Types of extensions necessary 
– Core elements from standards vs. local 
cores
• Geographic location of the dataset (C)
• Lineage (O)
• Metadata file identifier (O)
• Metadata standard name (O)
– Modeling of schema encodings
– Tools for content recording 
– Local metadata registries
• Metadata standard version (O)
• Metadata language (C)
• Metadata character set (C)
• On‐line resource (O)
– Best practice guidelines 
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• Reference system (O)
• Spatial representation type (O)
• Spatial resolution of the dataset (O)
Balancing between standards and local needs: cases           
• For discovering:
– Biodiversity data: 
http://knb.ecoinformatics.org/knb/metacat
• For analysis:
– Climate dataset: 
http://www.cgd.ucar.edu/vemap/v2climate.html
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Strategy: The outgoing data librarianship       
• Data is neither owned nor stored in the 
library
• Scientists are not aware that librarians can 
help
• Sell data librarianship to scientists
• What librarians can contribute:
– Help research teams assess data management 
needs
– Design of data management plans including 
metadata applications
– Help implement the plans
– Manage ongoing changes in data management 
– Provide science data literacy training for future 
science workforce
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Strategy: Collaborative data librarianship     
Institution
Community
Data 
librarian
Financial and 
policy support User 
requirements
Science 
domain
Data content 
idiosyncrasies 
Institutional  Community  National  International 
Evolving and interconnecting –
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repository repository repository repository
Summary 
• Scientific metadata standards are defined to describe 
data products with all aspects 
• Local applications adopt standards with constraints 
of science domains, community needs, and resources 
available for implementation
B l i b d d d l l d• a anc ng  etween stan ar s an   oca  nee s 
implicates careful design and implementation of 
metadata artifacts   
• Data librarianship is outgoing and collaborative
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Th S i tifi D t Wh t th j t de  c en c  a a 
Literacy Project
• a   e pro ec   oes:
– Assessing the needs for scientific data 
literacy education through 
Ji Qi (PI) environmental scanning and surveying 
science and technology faculty 
members. 
an  n 
Ruth Small (co‐PI)
John D’Ignazio (Research Assistant)
– Creating learning strategies, techniques, 
and materials on scientific data and 
their lifecycle. Goal: 
1) Create a Scientific Data Literacy – Evaluating the effectiveness of learning 
materials and pedagogy through 
outcome‐based evidence. 
           
(SDL) course 
2) Prepare students majoring in – Generalizing and communicating the 
lessons learned for larger scale 
implementation of the course 
curriculum throughout undergraduate
         
science and technology for a career 
in scientific data management 
     
institutions.
9/19/2008 Scientific Metadata  -- Cornell U. Library 31
School of Information 
Studies
Syracuse University
Thank you! 
Questions?
